in the ovary. The second is the luteinizing hormone which alone cannot affect the ovaries of an immature animal. It does, however, cause luteinization of the follicles which are produced by the gonad stimulator. These two hormones have been extracted quantitatively from dried pituitary glands and have been separated from each other in two fractions. Each of the two preparations produces a different effect from the original whole extract, but when they are again united a preparation is obtained which is entirely similar to the original. This fact is evidence that neither have been injured during the procedure.
GENERAL CHARACTERISTICS OF THE GONAD STIMULATING AND THE LUTEINIZING HORMONES OF THE ANTERIOR LOBE.
We have not been able to extract the hormones, which stimulate follicular development and luteinization, from hypophyseal tissue by means of any pure neutral solvent. In order to obtain the active materials in solution, the gland must apparently be subjected to chemical treatment.
However alkalies, such as sodium or potassium hydroxide, have an injurious effect on the gonad stimulating hormone and consequently cannot be used to advantage as extractives.
Dilute aqueous solutions of ammonium hydroxide can be used but even here the yield of gonad stimulating hormone is decreased. On the other hand, the gonad stimulating hormone can be extracted by means of mildly acidulated solvents but in such solutions the luteinizing hormone is injured very readily so the resulting extract contains essentially the gonad stimulating hormone. Consequently none of these solvents can be used to advantage.
We have, however, found that aqueous pyridine will remove the two hormones from the gland without injury to either. An aqueous pyridine extract of the dried anterior lobe produces precocious sexual maturity t!ogether with tremendous luteinization of the ovary.
When equivalent amounts of this extract and the emulsified anterior lobe powder are injected into sexually immature rats, the effect on the ovaries is approximately the same. This indicates that aqueous pyridine removes the hormones quantitatively and consequently this solvent has been used in the work which is reported in this paper.
The chemical characteristics of the two substances are somewhat different but their solubilities appear to be very similar. They are both soluble in acidified or alkaline aqueous solution with the difference, as noted above, that the gonad stimulating hormone is more stable to acids while the luteinizing hormone is more stable to alkalies. N/100 hydrochloric acid destroys the luteinizing hormone quite rapidly while at a pH of 4 its potency is impaired markedly.
In relatively dilute solutions of strong alkalies, such as N/100 NaOH or KOH, the gonad stimulating hormone is destroyed quite readily. In one per cent NHdOH it is not markedly injured for short periods of time while in fifty per cent aqueous FEMALE SEX HORMONES OF ANTERIOR PITUITARY 293 pyridine it is stable for several days. After standing for 60 days in such a solution, it was found to be completely inactivated.
Both are insoluble in pure organic solvents such as ethyl ether, ethyl alcohol, petroleum ether, acetone or pyridine.
The gonad stimulating hormone is quite readily soluble in cold distilled water while the luteinizing hormone is very slightly soluble. This difference in water solubility has been utilized as a means of separating the two hormones.
EXPERIMENTAL.
Preparation of the crude pyridine extract. Five grams of dried anterior lobe are extracted for twelve hours with 200 cc. of 50 per cent aqueous pyridine.
The extraction is carried out at room temperature in a test tube which has been fitted with a continuous stirrer. At the end of that time the extract is removed by centrifuging and the insoluble material is again extracted as before. The two extracts are united and evaporated to dryness in an air oven at 35OC. leaving a residue which may be emulsified in water and injected subcutaneously. This extract has the ability to produce sexual maturity in immature female rats, great follicular growth in the ovary together with numerous corpora lutea.
Separation of the two hormones. The dried pyridine extract is thoroughly triturated with freshly distilled water and the insoluble material is removed by centrifuging, reextracted and centrifuged. The water solution is evaporated to dryness in an air dryer and again taken up in water, centrifuging off all insoluble material. This procedure is repeated until the product is readily soluble in distilled water. The gonad stimulator is taken up in the water while most of the luteinizing hormone remains in the water insoluble fraction.
The aqueous solution is further purified by precipitation by means of alcohol. Five volumes of 99 per cent alcohol are added to the aqueous solution, causing the precipitation of the active material, The precipitate is centrifuged off, freed from alcohol and dissolved in distilled water as before. The aqueous solution is adjusted to pH of 4.0-5.0 and allowed to stand for 8 to 10 hours. A precipitate forms which is centrifuged off.
The aqueous solution is neutralized to pH 6.8-7, precipitated by the addition of four volumes of alcohol, and dissolved in water.
The preparation which is obtained is water clear and can be prepared in a very concentrated form. It may be preserved by the addition of one volume of alcohol or by filtering through a Seitz filter. The latter procedure is scarcely to be recommended since the potency of the preparation is reduced due to adsorption. If the solution is made slightly acid before filtering the adsorption is decreased but still a marked loss of activity is observed. The absorbed material may, however, again be removed from the filter by washing with aqueous pyridine.
When this extract is injected into immature female rats they are brought to sexual maturity in three days with production of large follicles in the ovaries with no or only slight indications of luteinization. This shows that the water soluble preparation contains primarily the gonad stimulating hormone with little or none of the luteinizing substance.
The water insoluble residue which contains the luteinizing hormone is washed with distilled water and taken up in N/ZOO sodium hydroxide. The solution is permitted to stand for 8 to 10 hours with occasional shaking. It is then centrifuged and the insoluble material discarded. The solution is neutralized and five volumes of alcohol are added. After the precipitate has separated out it is centrifuged, freed from alcohol and taken up in water at a pH of 7.6-7.8.
This preparation does not have the ability to bring an animal to sexual maturity but it does luteinize the follicles produced by the gonad stimulating If this fraction is united to the gonad stimulating preparation, and the two are injected simultaneously, the large luteinized ovary similar to that obtained by the use of the whole pyridine extract is produced. This fraction contains then the lutenizing hormone of the anterior lobe.
Methods of testing and results. The physiological activities of the anterior lobe fractions were determined by their effects on the reproductive tract of immature female rats, twenty to twenty-five days of age. The chief criteria used were the ability of the extracts to produce follicular and lutein development in the ovaries and opening of the vaginal orifice. Normally the vaginas of the rats in our colony do not open until they are about 60 days old and until this time the ovaries remain in a juvenile condition with very little follicular development and no corpora lutea. The anterior lobe extracts were injected subcutaneously in water solution, 0.25 cc. at a dose, twice daily for five days, the total equivalent of dried anterior lobe for the entire period amounting to not more hhan 0.10 gram. At the beginning of the sixth day vaginal smears were taken, the animals killed and the ovaries weighed and fixed for histological study. Although we have used a large number of rats in the experimental work the results for a representative group of six rats injected with 0.1 gram of whole pyridine extract are present.ed in table 1. In the case of these rats the vaginas opened on the third day and on the fifth day the smears showed leucocytes.
The weight of the ovaries had increased tremendously over t'hat of the controls, showing an increase of 1000 to 1500 per cent. Macroscopically the ovaries appeared as masses of corpora lutea with few medium sized follicles, while microscopic study showed practically t,he same with t#he addition that, many small follicles were present ( fig. 2) . Fig. 1 . Ovary of an immature rat. Twenty-eight days old. Fig. 2 . Ovary of a rat after five days treatment with whole pyridine extract of anterior lobe powder.
Twenty-eight days old. Large corpora lutea and some follicles. Fig. 3 . Ovary of a rat after five days' treatment with water insoluble fraction of the aqueous pyridine extract of anterior lobe powder.
Twenty-eight days old. Compare with figure 1.
The water soluble fraction of the pyridine extract produces quite a different result when injected in the same way in immature rats. In this case the rat,s' vaginas also open on the third day but on the fifth day the vaginal smears usually show a state of oestrus. The ovaries are much lighter as seen from table 2 and also contain primarily follicular growth. A microscopic study sometimes shows slight enlargement of the theta interna, indicative of stimulation to luteinizing activity and occasional corpora lutea. This may be due to the presence of traces of luteinizing hormone in t.he water soluble preparation. However, many of the ovaries show only follicular development (fig. 4) . Table 2 gives the results from a representative group of six rats which have been injected with the equivalent of 0.10 gram of dried pituitary administered over a period of five days.
The second fraction, which has been freed from all water soluble material and which is soluble in dilute alkalies does not have the property of bringing on precocious sexual1 maturity as evidenced by the opening of the vagina.
The ovaries of immature animals, injected by this fraction, remain infantile, weigh the same as the controls and otherwise are entirely similar to those of the untreated animals ( fig. 3) . Table 3 .
When the water soluble fraction is recombined with the water insoluble fraction we again obtain the fully luteinized ovary as in the original whole If the gonad stimulating hormone is injected for two days and the animals are killed on the fifth day the animal comes to sexual maturity on the third day as usual, but at autopsy the increase in the weight of the Fig. 4 . Ovary of a rat after five days' treatment with water soluble fraction of the aqueous pyridine extract of anterior lobe powder.
Twenty-seven days old. Large and numerous follicles with no lutein development. Fig. 5 . Ovary of a rat after treatment with the recombined fractions of the aqueous pyridine extract of anterior lobe powder.
Twenty-eight days old. Large corpora lutes, and follicles.
Compare with figure 2. ovary is very slight, and the anatomical changes in the ovary are likewise much less pronounced than if the injections are continued for five days. If, however, the injections of the gonad stimulating hormone are followed by the luteinizing hormone for two days and the animals are killed at the end of five days, the ovary shows a marked change. Corpora lutea are present but the most noticeable change is the presence of numerous " blutpunkte."
In some cases these are so numerous that the entire ovary is entirely red. The production of the " blutpunkte" described by Zondek evidently is caused by the action of the luteinizing hormone on the developing follicles. Table 5 gives the results for a representative group of rats which have been treated as stated above.
DISCUSSION.
The experimental results which have been presented would seem to lead to only one conclusion, namely, that there are two separate hormones, elaborated by the anterior lobe of the hypophysis, which affect the ovary, one of which promotes follicular development and tlhe other growth of the corpora lutea.
The aqueous pyridine removes B.P., "blutpunkte"; C.L., lutein growth; F, follicular growth.
these hormones from tlhe gland quantitatively since the residue after extraction is inactive while the extract is equally as active as the emulsified pituitary powder before extraction.
We have, therefore, removed the active principles without injuring them in any way. The watler soluble preparation contains all of the gonad stimulating hormone and is equally as potent in bringing about sexual maturity as is t'he whole pyridine extract. It contains at the most only small amounts of the luteinizing hormone. The luteinizing principle is present in the water insoluble but' alkali soluble part of the pyridine extract associated witlh very little or none of the gonad stimulating hormone.
As a rule the luteinizing hormone cannot act on the ovaries of immatlure rats as is evidenced by tlhe fact that no change occurs when such animals are treated with this fract'ion. However, a small corpus luteum or two may occasionally form in tlhe ovaries of rats so treated, but the vaginas do not Open, the uterus remains infantile and there is no increase in the weight of the ovaries over those of the control animals.
If the ovaries are first stimulated to follicular growth by means of the gonad stimul .ating hormone, and then treated with the luteinizing hormone, the follicles become luteinized and a typical mulberry ovary is produced.
It is, therefore, a one-two reaction which must take place in the order which has been designated. Due to this fact it is possible to elicit the development of small follicles and opening of the vagina without the presence of corpora lutea by injecting FEMALE  SEX  HORMONES  OF ANTERIOR  PITUITARY   299 small doses of the whole pyridine extract. However, if such treatment is continued or if a larger amount is administered corpora lutea invariably develop. The corpora lutea which are formed by the luteinizing hormone may be of two kinds, corpora lutea atretica and normal corpora lutea which follow ovulation. Usually both are found side by side. Often "blutpunkte" are present, similar to those described by Zondek when the urine of pregnant women is injected into immature mice and rats. These are caused by the capillaries of the theca rupturing into the follicular cavity. We have found that "blutpunkte" occur most often when the concentrations of the two hormones are very high. Particularly is this true if the gonad stimulator is injected first followed by a high concentration of the luteinizing hormone, Apparently the follicles are more readily converted into "blutpunkte" by strong action of the luteinizing hormone after they have attained a fair size. It is felt, therefore, that the rupture of the capillaries is due to the luteinizing hormone though more data are needed to prove this point.
The gonad stimulating hormone which we have obtained from the pituitary gland would seem to be identical with Zondek and Ascheim's ProlanA, which they have prepared from urine. The physiological and chemical properties which have been determined for the active material are the same in every respect. Prolan A produces only follicular growth with no injected into immature rats or mice for two days and luteinization when the animals are killed on the fifth day. tion is used. However, if we continue the injections for five days and This is also true when our preparathen kill the animals, we have found signs of lutein development in the ovaries of various animals. This is also true for Prolan A. This may be due to the presence of small amounts of the luteinizing hormone in our water soluble fraction or to some other factor such as the animal's own pituitary gland. This can be settled only by testing the extracts on the ovaries of hypophysectomized animals which is being done at the present time. Collip (1930a, b, c,) has obtained a substance, Emmenin, from human placentae which has a stimulating action on the immature ovary. It produces sexual precocity associated with changes in the uterus and vagina characteristic of oestrus and in addition causes growth of follicles and corpora lutea in the ovary.
Chemically the substance which he has obtained is different from the anterior lobe hormones discussed here. His active material is soluble in acetone and 99 per cent alcohol, whereas the anterior lobe substances are insoluble in both.
Also the placental hormone is relatively insoluble in water, while the gonad stimulating hormone of the anterior lobe is readily soluble.
In a later paper Collip (1930d) reports that he has obtained a second fraction, insoluble in 85 per cent alcohol which also has a stimulating effect on the ovary. This fraction would seem to correspond more closely to the anterior lobe hormones.
It is also rather difficult to believe that the substances which were separated by Claus (1931) can be the same as the active materials with which we are dealing.
Her active principles were extracted from dried anterior pituitary glands with acidified 95 per cent alcohol, and the luteinking fraction was soluble in 99 per cent alcohol, whereas our active substances are both insoluble in these solvents.
Using the same procedure Claus also obtained the gonad stimulating substance from a number of widely different sources, both animal and plant.
It may be that she is dealing with a substance of a more general nature rather than a specific anterior lobe hormone.
As has been mentioned before, it seems that the tissue must be subjected to chemical treatment before the active substances are obtained in solution.
In this connection a rather interesting fact was observed when a supply of dried glands was used which had suffered slight putrefaction during the drying process.
The activity of the dried glands was not impaired but when we attempted to separate the hormones we were unable to do so. The luteinizing hormone was apparently as soluble in water as the gonad stimulator.
This fact is mentioned here to emphasize the point that apparently the tissue must be well preserved in order to effect the separa-
